Objective To explore the association between sepsis and retinopathy of prematurity (ROP) in premature infants. Design A systematic review and meta-analysis. Data sources We performed a systematic search of PubMed, the Cochrane Library and Embase from 1 January, 2000, to 1 January, 2018, with no language restrictions and reported the relationship between sepsis and ROP. Eligibility criteria Original observational studies, including cohort studies and case-control studies. Data extraction and synthesis Two reviewers independently completed the study selection and data extraction. The OR and corresponding 95% CI were used to measure the risk of sepsis in patients with ROP. The heterogeneity between studies was evaluated using Cochran's Q test and the I 2 statistic. The Newcastle-Ottawa Scale was adopted to evaluate the quality of each of the included studies, and the Grading of Recommendations Assessment, Development and Evaluation approach was used to assess the quality of the evidence. results Sixteen studies with a total sample size of 12 466 premature infants and 2494 cases of ROP were included in this meta-analysis. Adjusted analysis showed that sepsis was closely related to any stage of ROP (OR = 1.57, 95% CI 1.31 to 1.89) and severe stage of ROP (OR = 2.33, 95% CI 1.21 to 4.51) in premature infants, with 56.3% and 81.8% heterogeneity, respectively. Subgroup analyses showed that heterogeneity was obvious in prospective cohort studies (I 2 = 62.1%, p<0.001). In a sensitivity analysis, we found that removing any single study did not significantly change the overall effect value. The quality of the evidence was rated as low for both any stage of ROP and severe stage of ROP. Conclusions Sepsis increases the risk of ROP in preterm infants. However, considering that all included studies are observational and causality can rarely be established, additional evidence is needed to substantiate this finding and provide advice for practice.
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IntrODuCtIOn
Retinopathy of prematurity (ROP) is a vascular proliferation eye disease that affects premature infants and always leads to visual impairment, strabismus and blindness. 1 ROP has emerged as one of the leading causes of blindness among children worldwide. 2 The development of neonatal care has improved the survival rate of extremely preterm infants, but it has also increased the incidence of ROP. In a prospective study conducted by Al-Essa et al, 3 64.5% of preterm infants with birth weight (BW) <1501 g developed ROP.
In a retrospective study in Saudi Arabia, 2 ROP was diagnosed in 56% of infants with gestational age (GA) <36 weeks, and 15% of those patients were in stage 3 of the disease (severe ROP). In a population-based study in Sweden 4 , 34.5% of infants with GA <27 weeks had severe ROP, and only 19.3% of those affected infants were treated. Different incidence rates have been reported in research from Australia, 5 Canada, 6 Japan 7 and China. 8 ROP continues to be a challenge to neonatologists and ophthalmologists, and it is vital to screen for the causes of ROP in a timely manner. Neonatal sepsis is defined as a blood infection that occurs in infants under 90 days old, including bacterial and fungal infections. Early-onset sepsis occurs in the first week after birth, whereas late-onset sepsis occurs after 1 week and before 3 months of age. Neonatal sepsis has non-specific signs and symptoms that contribute to morbidity and mortality among preterm infants. A recent systematic review estimated that there were strengths and limitations of this study ► We developed a systematic search strategy to find the best evidence to explore the relationship between sepsis and retinopathy of prematurity, and we conducted a quality assessment of each of the included studies. ► The Grading of Recommendations Assessment, Development and Evaluation approach was used to evaluate the quality of the evidence. ► All included studies were observational studies;
therefore, causality was difficult to establish. ► Multiple testing due to the number of subgroup analyses could have led to false-positive results; therefore, the final results need to be interpreted with caution.
Open access 3.0 million cases of sepsis in neonates around the world, with mortality ranging from 11% to 19%. 9 Sepsis not only poses a direct risk of death but also damages organs and tissues in neonates.
Many studies have demonstrated that sepsis has a close relationship with the occurrence of ROP. According to Al-Essa et al, 3 the incidence of ROP in preterm infants with sepsis was 3.5 times as high as in those without sepsis (OR = 3.50, 95% CI 1.02 to 12.2). Araz et al 10 found that sepsis was independently associated with the development of severe ROP in infant inpatients (OR = 6.86, 95% CI 3.14 to 14.99). Thomas et al 6 reported analogous results in their study (OR = 1.35, 95% CI 1.16 to 1.67). However, Sabzehei et al 11 and Lin et al 12 concluded that sepsis status was not significantly different between premature infants with and without threshold ROP (p>0.05).
Considering the severe outcome of ROP and the high morbidity of sepsis, we sought to address the disagreement of several previous studies in a larger pooled sample size by conducting this meta-analysis to explore the link between sepsis and ROP.
MEthODs
According to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), 13 we developed a prospective protocol that detailed our research process, including the objectives, literature search strategies, inclusion and exclusion criteria, primary outcome and data analysis. This study adheres to PRISMA guidelines, and the PRISMA checklist is shown in online supplementary table S1.
Literature search strategy
We searched PubMed, the Cochrane Library and Embase for studies published from 1 January, 2000, to 1 January, 2018, using a systematic search strategy that removed duplicate titles. The detailed search strategy for this study can be found in the online supplementary table S2. The search terms used the keywords of ['sepsis' OR 'neonatal sepsis' OR 'septic' OR 'septicemia' OR 'risk factors'] AND ['premature retinopathy' OR 'ROP']. We used a combination of free words and Medical Subject Headings (MeSH) terms to search, and the final search strategy was determined by multiple pre-searches without language restrictions. Moreover, we manually searched for some eligible original documents, reviews and related articles to compensate for the deficiency of the electronic search. If multiple studies reported the same results, the latest and most complete study was selected. or data that can be converted into the OR and 95% CI. (5) Total sample size >50. The exclusion criteria were as follows: (1) No distinction between the absence of ROP and mild ROP. (2) Duplicated reports, review articles, animal studies and editorial letters. Two reviewers (XFW and KT) independently screened the search results and determined the final list of studies to be included. If there were disagreements between their decisions, a third reviewer (HLX) made the final decision. The information we extracted for each study included the first author, year of publication, country of origin, inclusion criteria of participants, sample size, study design, literature quality score and confounding factors controlled.
Quality assessment
We used the Newcastle-Ottawa Scale (NOS), recommended by the Cochrane Manual, to evaluate the quality of the included studies.
14 This scale consists of three main components: selection of study subjects, comparison between study groups and evaluation of outcomes. 15 The maximum total score of this scale is nine points, and studies scoring six points or above are considered high quality. XFW and KT independently scored all items, and HLX acted as the arbiter if there were disagreements.
Outcomes
The outcome in this meta-analysis was the association between sepsis and ROP, and ROP was classified as any stage of ROP (stages 1 to 5) and severe stage of ROP (stages 3 to 5) according to the data provided by the studies. The association between sepsis and ROP was expressed as the OR of sepsis associated with ROP. We obtained the ORs and corresponding 95% CIs from most of the included studies. When those values were not directly available, we calculated the OR and 95% CI using the coefficient estimates and standard errors mentioned in the text.
statistical analysis
This meta-analysis was conducted using Stata/SE 12.0 (College Station, Texas: StataCorp LP). Outcomes were assessed by pooled OR among the cohort studies, and the corresponding 95% CIs were calculated by a fixed-effects model or a random-effects model. Heterogeneity between studies was explored by Cochran's Q test and the I 2 statistic, where p<0.1 or I 2 >50% was considered evidence of statistical heterogeneity, and we used a random-effects model for subsequent analysis. In contrast, p>0.1 or I 2 <50% was considered low heterogeneity, and a fixed-effects model was used. Predefined subgroup analyses were conducted to explore the sources of heterogeneity and to obtain the adjusted ORs by GA (≤34 weeks or <37 weeks), BW (<1.5 kg or <2.0 kg), study location (Asia, Africa, USA or Europe), study design (prospective or retrospective) and year of publication (2000~2010 or 2011~2018). Potential publication bias was detected by the combined use of funnel plots and Egger's test. We also conducted a sensitivity analysis by assessing the changes in the OR and 95% CI after removing any single study. The OR we Open access selected was the adjusted OR, and p<0.05 was considered statistically significant.
Grading the evidence
Based on the outcomes of the systematic review, XFW and KT independently using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to determine the quality of the evidence. 16 The quality of the evidence was rated as high, moderate, low or very low. Since all of the studies included in this meta-analysis were observational studies (including cohort and case-control studies), the quality of the evidence was initially defined as low. The rating can be decreased to very low if serious or very serious issues are noted in connection with risk of bias, inconsistency of results, indirectness of evidence, imprecision or publication bias. However, upgrading may be warranted in observational studies if the magnitude of the treatment effect is large (Relative Risk (RR) >2 or RR <0.5) or very large (RR >5 or RR <0.2), if there is evidence of a dose-response relation or if all plausible biases would decrease the magnitude of an apparent treatment effect. Therefore, the quality of the evidence can range from very low to high.
Patient and public involvement
Our research is based on previously published studies. Patients were not directly involved in the design, implementation or analysis of this study. We will disseminate our findings through the journal's public access.
rEsuLts search results
Our preliminary search located 509 search records of candidate studies. After browsing the title, abstract and full text, we identified a total of 16 eligible studies with full text and entered them into the data analysis (figure 1).
Characteristics and quality of the included studies The characteristics of the included studies were shown in table 1. These studies were published from 2000 to 2018 and came from five continents: seven studies were from Asia, four from USA, two each from Africa and Europe and one from Oceania. Of the studies, 11 explored the association between sepsis and any stage of ROP, and six examined the relationship between sepsis and severe stage of ROP. The sample sizes in these studies varied from 110 to 5718. The participants were mainly from the intensive care units, neonatal intensive care units and neonatal centres of local hospitals. The inclusion criteria for premature infants varied considerably: the GA criteria ranged from <28 weeks to <37 weeks, and only 12 studies provided the specific BW range. Most included studies reported the multivariable-adjusted OR and corresponding 95% CI, although one study provided only univariate analysis outcomes. 17 There were eight prospective cohort studies, seven retrospective cohort studies and one nested case-control study, which also came from an institutional retrospective cohort. All included studies had reasonably well-matched groups that appeared to represent the same populations. Fifteen studies provided confounding factors that were controlled, 13 studies reported adequate follow-up to observe the occurrence of the disease and nine studies reported the rate of follow-up or loss to follow-up. The NOS scores of these studies ranged from 5 to 9. A total of 15 studies could be identified as high-quality studies because they scored 6 points or above. Agreement between the two reviewers was 95% for study selection and 93% for quality assessment. Detailed information on the quality assessment is shown in online supplementary table S3.
sepsis and any stage of rOP Eleven studies involving a total of 5388 participants reported adjusted ORs for association between sepsis and any stage of ROP. Considering all these adjusted ORs combined, sepsis was associated with a significant risk of any ROP among premature infants in the random-effects model (OR = 1.57, 95% CI 1.31 to 1.89). Moderate heterogeneity was detected (I 2 =56.3%, p=0.011) (figure 2).
sepsis and severe stage of rOP Six studies including a total of 7660 premature infants provided ORs for the severe stage of ROP and were combined in this meta-analysis. Figure 3 shows the combined effect from the random-effects model. The pooled OR was 2.33 (95% CI 1.21 to 4.51), with evidence of substantial heterogeneity (I 2 =81.8%, p<0.001). Both =63.4%, p=0.008). The results for severe stages of ROP were different, and it was difficult to identify sources of heterogeneity, since there were few studies that could be combined.
Publication bias and sensitivity analysis
There was no evidence of asymmetry in the funnel plots (figure 4), and Egger's test showed 1.12 (p=0.290). Considering the funnel plots and Egger's test, we concluded that there was no apparent publication bias among the studies that examined all stages of ROP. However, publication bias was not assessed in studies on the severe stage of ROP because there was insufficient power to evaluate funnel plot asymmetry and small-study effects (<10 studies included).
When we excluded Abdelet's study, which had the lowest NOS score, the pooled OR was 1.66 (95% CI 1.37 to 2.01) in any stage of ROP. When we removed any single study in any stage of ROP and severe stage of ROP, the pooled ORs ranged from 1.50 (95% CI 1.25 to 1.79) to 1.66 (95% CI 1.37 to 2.01) and from 2.20 (95% CI 1.09 to 4.45) to 2.74 (95% CI 1.87 to 4.02), respectively. No obvious change was found in the pooled ORs, and each was statistically significant.
GrADE assessment
The quality of evidence was rated as low for the outcomes of association between sepsis and any stage of ROP, having been upgraded by one point because all plausible biases would decrease the magnitude of an apparent treatment effect, and been downgraded because moderate heterogeneity between studies was detected (I 2 =56.3%, p=0.011) and could not be fully explained. Meanwhile, the quality of the evidence was also rated as low for the relationship between sepsis and severe stage of ROP: the magnitude of the effect was large (OR >2 based on consistent evidence from at least two studies, with no plausible confounders), which added one point, but there was evidence of substantial heterogeneity between studies that could not be explained (I 2 =81.8%, p<0.001), which subtracted one point, leaving the final score at two points for a quality level of 'low'. A summary of the GRADE assessment is shown in online supplementary table S4.
DIsCussIOn
The prevalence of ROP and its association with sepsis are great challenges worthy of global attention. To our knowledge, this is the first meta-analysis to assess the independent risk of sepsis in ROP. Our research applied strict inclusion criteria. According to the International Classification of Retinopathy of Prematurity, 18 ROP is divided Open access into 5 stages, of which stages 1 to 2 are defined as mild ROP and stages 3 to 5 are defined as severe ROP. The former does not require treatment, while the latter does. 10 To ensure the homogeneity of these studies, we included only those that compared a group without ROP to a group with ROP, with or without restrictions on severity. Any study that was divided into 'no treatment' (no ROP and mild ROP) versus 'treatment' (severe ROP) was excluded. After controlling for confounding factors such as GA and BW and adopting adjusted ORs, we speculated that sepsis distinctly increases the overall risk of ROP and the risk of severe ROP among preterm infants.
How does sepsis induce ROP or increase its severity? Successful trials have yielded some possible explanations, which can be summarised as follows: (1) The pathogenical microorganisms and their toxins cause sepsis-related damage in vascular endothelial cells, making white blood cells readily adhere to the blood vessel walls and form microthrombi in the small blood vessels of the retina; these microthrombi lead to blood vessel obstruction Open access and increased permeability. Eventually, an area of retinal non-perfusion forms, or a previously formed area expands. 19 (2) Sepsis often aggravates the body's oxidative stress response, and small doses of oxidative stress products transmit signals through vascular endothelial growth factor-2 to vascular endothelial cells, promoting vascular endothelial cell proliferation and migration. Furthermore, a large dose of oxidative stress products from lipid peroxidation of biofilm will damage the biofilm, leading to cell degeneration and necrosis, 20 thereby aggravating retinal and vascular lesions. (3) The effects of inflammatory mediators and growth factors such as interleukin-1β can significantly increase the activity of hypoxia-inducible factor (HIF-1α), 21 and transforming growth factor-β can inhibit the degradation of HIF-1α through the Smad signalling pathway. 22 Finally, ROP is induced and exacerbated by the HIF-lα pathway. In addition, there may be other inflammatory factors, such as phospholipase-2 and prostaglandins, that affect retinal neovascularization. 23 Although the final combined value was statistically significant, our estimates may have some potential bias due to the inconsistent control of confounding factors in the original studies. Most studies controlled the GA and BW of preterm infants at birth, and some studies regarded the duration of oxygen therapy, blood transfusion and patent ductus arteriosus as confounding factors to control. However, few studies evaluated maternal factors, such as maternal age, hypertension, antepartum haemorrhage and premature rupture of membranes, in the relationship between sepsis and ROP. Yang et al 24 found that very low birth weight (VLBW) infants whose mothers had preeclampsia faced an important increase in the risk of ROP. Darlow et al 25 and Bardin et al 26 reported that the changes in the hormonal milieu of the maternal uterus and the series of problems it raises, including chronic intrauterine hypoxia, antioxidant deficiency and abnormal growth factor levels, might also contribute to the increased risk of ROP in preterm infants. These factors have not been taken into account in the studies included in this review; this omission from the original studies may cause our results to deviate from the real effects. In addition, a total of 12 studies in this meta-analysis included premature infants with BW less than 1500 g. Therefore, the combined effect value may represent this type of premature infant, not all premature infants.
As mentioned above, sepsis can be classified as early or late and as bacterial or fungal. Since most of the original studies performed fundus examinations for ROP screening 4~6 weeks after birth, only two studies 27 28 provided findings that might include late-onset sepsis. It is difficult for us to distinguish whether these patients had early-onset or late-onset sepsis. Moreover, all studies showed that the diagnosis of sepsis was based on clinical blood culture, but they did not make a clear distinction between the pathogens. Two studies mentioned sepsis in general terms that encompassed both fungal sepsis and bacterial sepsis. 28 29 Therefore, we have not yet been able to combine the ORs of sepsis with different stages and different pathogens. Hussain et al found that culture-positive sepsis of any aetiology was significantly associated with ROP. 30 Manzoni et al found that fungal (but not bacterial) sepsis was independently associated with ROP, but only in VLBW neonates and only with threshold ROP. 31 Bharwani also reported that systemic fungal infection (SFI) was associated with the development of all degrees of ROP in VLBW infants. 32 However, the current studies and review do not address the mechanism of the association between SFI and ROP or prove any cause and effect; therefore, this association needs to be studied in a larger population before any conclusions can be drawn.
In a subgroup analysis, we found that infants born with shorter GA and lighter BW were more likely to develop ROP. This finding is consistent with the results of most previous studies, which confirmed that short GA and low BW were independent risk factors for ROP, especially for VLBW infants. [33] [34] [35] [36] [37] Some researchers even believed that BW might be a more important criterion than GA for the screening of ROP. 38 Preterm infants, regardless of GA or whether their BW was below the normal range, were much more susceptible to infection than full-term babies and often lacked the capacity to overcome it, which could induce or exacerbate ROP in the event of a severe infection that leads to sepsis. 39 In addition, due to the incomplete development of retinal blood vessels in preterm infants, it is easy to induce the formation of new retinal blood vessels and fibrous tissue, which may be a very common cause of ROP.
This study also showed regional differences in the relationship between sepsis and any stage of ROP, with the risk being highest in the USA, second highest in Asia and lowest in Europe, with Africa having a slightly higher risk than Europe. This phenomenon might be associated with ethnicity. Aralikatti et al reported that Asian and Black premature infants had a higher risk of developing Open access threshold ROP compared with White infants, 40 and similar outcomes were reported by Ng et al. 41 The former believe that the differential risk may be related to pigmentation, because animal models of ROP have shown that pigmented strains are more susceptible to ischaemia-induced retinal neovascularization than albino strains. The latter group holds that this difference was because of the better survival of Asian infants, as preterm infants in these ethnic groups are more likely to survive and hence develop severe ROP than preterm infants of other ethnicities. Both groups agreed that Asian and African premature infants needed more treatment than White infants. However, according to Darlow et al, 25 premature infants born to Asian mothers had higher risk than White infants, but this difference did not exist in the adjusted analysis. Chen et al 28 also found that there was no significant association between ROP and ethnicity. Thus, further evidence is needed to explain the specific mechanisms and causes of the different rates of ROP prevalence among different ethnic groups.
The overall quality of the evidence was assessed by the GRADE approach, which showed low quality for the relationship between sepsis and both any stage of ROP and severe stage of ROP; thus, we have limited confidence in the estimation of both effect value. Since few studies could be combined for severe ROP, some potential publication bias may have gone undetected and caused the level of evidence to be overestimated. Further study is likely or very likely to have an important impact on our confidence in the estimated effect and may change our estimate.
This meta-analysis has the following limitations. First, the number of studies included is limited, and all original articles are observational studies, from which causality can rarely be established. Second, different inclusion criteria in each study and inaccurately specified criteria in a few studies might have influenced the pooled effect. Third, multiple testing due to the number of subgroup analyses could have led to false-positive results. Finally, although we did not use language restrictions in the search strategy, the final articles included were mainly in English. These limitations must be taken into account when evaluating the final outcomes.
COnCLusIOn Our meta-analysis shows that sepsis is closely related to the development of any stage of ROP and severe stage of ROP. This provides valuable information for neonatologists and ophthalmologists regarding the treatment of preterm infants. However, considering the shortcomings of this study, our results need to be interpreted cautiously. More evidence is needed to validate our findings and provide constructive advice for clinical practice, and well-designed trials are needed to provide a clearer explanation of the mechanisms and interrelationships between ROP and different types of sepsis. Strengthening the screening and intervention process for sepsis in preterm infants and preventing them from developing blindness is a global priority that depends on the joint efforts of researchers and clinicians worldwide.
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